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(57) ABSTRACT 

A Subcool condenser having a condensation heat exchange 
portion, a receive portion and a Supercool heat exchange 
portion is used as an outdoor heat exchanger that functions as 
a radiator in a cooling operation mode so that COP in the 
cooling operation mode is increased. In contrast, in a heating 
operation mode, a refrigerant bypass device that causes the 
refrigerant to flow so as to bypass the Supercool heat 
exchange portion is provided so that pressure loss generated 
in the refrigerant flowing through the outdoor heat exchanger 
is decreased. Thereby, driving force of a compressor can be 
decreased and COP in the heating operation mode can be 
improved. 
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REFRGERANT CYCLE DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present application is based on Japanese Patent 
Application No. 2008-083218 filed on Mar. 27, 2008, the 
disclosure of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a refrigerant cycle 
device configured to be capable of Switching a cooling opera 
tion mode for cooling a fluid to be heat exchanged and a 
heating operation mode for heating a fluid to be heat 
exchanged. 

BACKGROUND OF THE INVENTION 

0003. A conventional refrigerant cycle device is config 
ured to be capable of Switching a cooling operation mode for 
a fluid to be heat exchanged and a heating operation mode for 
heating a fluid to be heat exchanged. 
0004 For example, a refrigerant cycle device described in 
JP-A-2005-306300 is used for a vehicle air conditioner. The 
refrigerant cycle device includes a utilization side heat 
exchanger for exchanging heat between a refrigerant and air 
to be blown into a vehicle compartment as the fluid to be heat 
exchanged, an outdoor heat exchanger for exchanging heat 
between the refrigerant and ambient air, and a four-way valve 
as a flow passage Switch portion for Switching a refrigerant 
flow passage. The four-way valve switches the refrigerant 
flow passage so that both the cooling operation mode and the 
heating operation mode can be achieved. 
0005 More specifically, in the cooling operation mode for 
cooling the air to be blown into the vehicle compartment, the 
refrigerant flow passage is Switched Such that the utilization 
side heat exchanger functions as an evaporator for evaporat 
ing the refrigerant and the outdoor heat exchanger functions 
as a radiator for radiating heat of the refrigerant. In the heating 
operation mode for heating the air to be blown into the vehicle 
compartment, the refrigerant flow passage is Switched Such 
that the utilization side heat exchanger functions as the radia 
tor and the outdoor heat exchanger functions as the evapora 
tOr 

0006. In order to improve coefficient of performance, that 
is, COP of a cycle by increasing refrigeration capacity of the 
refrigerant cycle device, a so-called Subcool condenser can be 
used for the heat exchanger that functions as the radiator. 
0007 As described in JP-A-2001-108331, for example, 
the Subcool condenser is a heat exchanger that includes a 
condensation heat exchange portion for condensing the 
refrigerant, a receive portion for separating the refrigerant 
flowing out of the condensation heat exchange portion into 
gas and liquid phases, and a Supercool heat exchange portion 
for Supercooling Saturated liquid phase refrigerant flowing 
out of the receive portion. Thereby, enthalpy of the refrigerant 
that flows into the evaporator is decreased and refrigerant 
capacity obtained by the evaporator can be increased. 
0008. Therefore, in the refrigerant cycle device of JP-A- 
2005-306300, when the subcool condenser is used as the 
outdoor heat exchanger functioning as the radiator in the 
cooling operation mode, for example, refrigeration capacity 
obtained by the utilization side heat exchanger functioning as 
the evaporator can be increased and COP can be improved. 
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0009. However, in the refrigerant cycle device, the out 
door heat exchanger is functioned as the evaporator in the 
heating operation mode, in which the utilization side heat 
exchanger is functioned as the radiator. Thus, when the Sub 
cool condenser is used as the outdoor heat exchanger in the 
heat operation mode, COP may be deteriorated. 
0010. The reason will be described in detail with reference 
to FIG.9 and FIG. 10. FIG.9 is a schematic diagram showing 
a whole configuration of a general refrigerant cycle device 
that is configured to be capable of Switching the cooling 
operation mode and the heating operation mode. Hereinafter, 
the general refrigerant cycle device is referred to as a test 
refrigerant cycle device. The respective reference numerals 
shown in FIG.9 correspond to respective elements in embodi 
ments described below. 
0011 FIG. 10 is Mollier diagram showing a state of a 
refrigerant of the test refrigerant cycle device. The cooling 
operation mode is shown by a Solid line and the heating 
operation mode is shown by a dashed line and a dashed-dotted 
line. 
0012. In the test refrigerant cycle device, as shown by the 
Solid line, a four-way valve 41 as the flow passage Switch 
portion Switches to a refrigerant flow passage, in which the 
refrigerant is circulated through a compressor 21, an outdoor 
heat exchanger 28, a pressure reducing device 44, a utilization 
side heat exchanger 42 and the compressor 21 in this order in 
the cooling operation mode. In contrast, as shown by the 
dashed line, the four-way valve 41 switches to a refrigerant 
flow passage, in which the refrigerant is circulated through 
the compressor 21, the utilization side heat exchanger 42, the 
pressure reducing device 44, the outdoor heat exchanger 28 
and the compressor 21 in this order in the heating operation 
mode. 
0013. In the test refrigerant cycle device, the subcool con 
denser having a condensation heat exchange portion 283a, a 
receive portion 286 and a Supercool heat exchange portion 
283b is used as the outdoor heat exchanger 28. 
0014. Therefore, in the cooling operation mode, as shown 
by the solid line in FIG. 10, supercool degree of the refriger 
ant flowing out of the outdoor heat exchanger 28 can be 
increased (AE), and enthalpy difference between the enthalpy 
of the refrigerant at an inlet side and the enthalpy of the 
refrigerant at an outlet side in the utilization side heat 
exchanger 42, that is, refrigerant capacity in the utilization 
side heat exchanger 42, can be increased. As a result, COP in 
the cooling operation mode can be improved. 
0015. Because the subcool condenser functions to con 
dense the refrigerant in the cooling operation mode, density 
of the refrigerant passing through the inside thereof increases 
gradually toward the outlet side from the inlet side of the 
Subcool condenser. Thereby, a liquid phase refrigerant, the 
density of which is drastically increased compared to those of 
a gas phase refrigerant or a gas-liquid two-phase refrigerant, 
passes through the Supercool heat exchange portion 283b. 
0016. Therefore, in the subcool condenser, the refrigerant 
passage area is decreased gradually toward the outlet side 
from the inlet side, and the refrigerant passage area of the 
supercool heat exchange portion 283b is set to be the smallest. 
Thereby, an appropriate heat exchange area can be obtained 
and performance as the condenser itself can be obtained. 
Furthermore, miniaturization of the whole subcool condenser 
can be achieved. 
0017. However, in the heating operation mode, the sub 
cool condenser is used as the evaporator for evaporating the 
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refrigerant, and the refrigerant flows from the outlet side to 
the inlet side of the condenser in case where the subcool 
condenser is used as the radiator, that is, the condenser. That 
is, the flow direction of the refrigerant flowing through the 
Subcool condenser in the heating operation mode is inverted 
with respect to the flow direction of the refrigerant flowing 
through the Subcool condenser in the cooling operation mode. 
0018. Therefore, the gas-liquid two-phase refrigerant 
flows into the supercool heat exchange portion 283b, the 
refrigerant passage of which becomes the Smallest in the 
Subcool condenser, in the heating operation mode. Thereby, 
as shown by the dashed line in FIG. 10, pressure loss in the 
outdoor heat exchanger 28 may be drastically increased with 
respect to the utilization side heat exchanger 42 in the cooling 
operation mode. 
0019. Such the increase of pressure loss may increase 
driving force of the compressor, and COP in the heating 
operation mode may be deteriorated. 
0020 Even if the flow direction of the refrigerant flowing 
through the Subcool condenser in the heating operation mode 
is the same with the flow direction of the refrigerant flowing 
through the Subcool condenser in the cooling operation mode 
with respect to the test refrigerant cycle device, the deterio 
ration of COP due to the above-described increase of pressure 
loss may be generated. 
0021. The reason is as follows. Because the evaporator 
functions to evaporate the refrigerant, the density of the 
refrigerant passing through the inside thereof decreases 
gradually toward the outlet side from the inlet side. In con 
trast, in the Subcool condenser, as described above, because 
the refrigerant passage area is gradually decreased toward the 
outlet side from the inlet side, pressure loss may be increased 
toward the outlet side from the inlet side as shown by the 
dashed-dotted line in FIG. 10. 

SUMMARY OF THE INVENTION 

0022. In view of the above points, in a refrigerant cycle 
device configured to be capable of Switching a cooling opera 
tion mode and a heating operation mode and using a Subcool 
condenser, it is an object of the present invention to improve 
COP in both the operation modes. 
0023. According to one aspect of the present invention, a 
refrigerant cycle device includes a compressor configured to 
compress and discharge a refrigerant, a utilization side heat 
exchanger configured to exchange heat between the refriger 
ant and a fluid to be heat exchanged, an outdoor heat 
exchanger configured to exchange heat between the refriger 
ant and ambient air, and a flow passage Switch portion con 
figured to Switch a refrigerant flow passage. The flow passage 
Switch portion Switches to a refrigerant flow passage in which 
heat of the refrigerant discharged from the compressor is 
radiated by the outdoor heat exchanger and the refrigerant 
evaporated by the utilization side heat exchanger flows into a 
refrigerant Suction side of the compressor in a cooling opera 
tion mode for cooling the fluid, and Switches to a refrigerant 
flow passage in which heat of the refrigerant discharged from 
the compressor is radiated by the utilization side heat 
exchanger and the refrigerant evaporated by the outdoor heat 
exchanger flows into the refrigerant Suction side of the com 
pressor in a heating operation mode for heating the fluid. The 
outdoor heat exchanger is configured to include a condensa 
tion heat exchange portion for condensing the refrigerant, a 
receive portion for separating the refrigerant flowing out of 
the condensation heat exchange portion into gas and liquid, 
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and a Supercool heat exchange portion for Supercooling a 
saturated liquid phase refrigerant flowing out of the receive 
portion, through which the refrigerant flows in the cooling 
operation mode. The refrigerant cycle device further includes 
a refrigerant bypass portion that is configured such that the 
refrigerant bypasses at least a part of the Supercool heat 
exchange portion in the heating operation mode. 
0024. Thereby, the outdoor heat exchanger is used as the 
Subcool condenser in the cooling operation mode, in which 
the outdoor heat exchanger is functioned as the radiator, and 
COP in the cooling operation mode can be improved. 
0025. In the heating operation mode, in which the outdoor 
heat exchanger is functioned as the evaporator, the refrigerant 
bypassportion causes the refrigerant to flow so as to bypass at 
least a portion that is functioned as the Supercool heat 
exchange portion in the cooling operation mode. Thus, pres 
Sure loss of the refrigerant generated when the refrigerant 
passes through the portion. 
0026. Therefore, in the heating operation mode, reduction 
of pressure of the refrigerant that is to be drawn into the 
compressor can be Suppressed, and power consumption of the 
compressor can be reduced. As a result, COP in the heating 
operation mode can be improved. That is, COP in both opera 
tion modes, i.e., the cooling operation mode and the heating 
operation mode, can be improved. 
0027. For example, a flow direction of the refrigerant 
flowing through the outdoor heat exchanger in the cooling 
operation mode is the same with a flow direction of the 
refrigerant flowing through the outdoor heat exchanger in the 
heating operation mode, and the refrigerant bypass portion 
causes the refrigerant flowing into the condensation heat 
exchange portion to flow out of the receive portion in the 
heating operation mode. 
0028. Thereby, even when the cycle configuration, in 
which the flow direction of the refrigerant flowing through the 
outdoor heat exchanger in the cooling operation mode is the 
same with the flow direction of the refrigerant flowing 
through the outdoor heat exchanger in the heating operation 
mode, is used, COP in both operation modes can be improved. 
0029. Furthermore, the refrigerant bypass portion may 
include a bypass pipe through which the refrigerant flowing 
out of the receive portion flows, and a control valve for con 
trolling a flowing state of the refrigerant flowing through the 
bypass pipe. 
0030 The meaning of “controlling a flowing state of the 
refrigerant' includes a flowing state and a shutoff state. The 
refrigerant flows through the bypass pipe in the flowing state, 
and the refrigerant in the bypass pipe is shut off in the shutoff 
State. 

0031. For example, the control valve includes a bypass 
pipe opening-closing valve for opening and closing the 
bypass pipe. Thereby, the flowing state of the refrigerant 
flowing through the bypass pipe can be easily controlled. 
0032 Moreover, the control valve may include a main pipe 
opening-closing valve for opening and closing a main pipe, 
and the main pipe opening-closing valve may be provided in 
the main pipe between an end portion of the bypass pipe that 
is opposite from another end portion thereof connected to the 
receive portion and the Supercool heat exchange portion. 
0033. Thereby, it can prevent the refrigerant from flowing 
into the Supercool heat exchanger using the main pipe 
between the end portion of the bypass pipe that is opposite 
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from another end portion thereof connected to the receive 
portion and the Supercool heat exchange portion in the heat 
operation mode. 
0034) For example, a flow direction of the refrigerant 
flowing through the outdoor heat exchanger in the cooling 
operation mode is opposite from a flow direction of the refrig 
erant flowing through the outdoor heat exchanger in the heat 
ing operation mode, and the refrigerant bypassportion causes 
the refrigerant to flow into the receive portion and causes the 
refrigerant flowing into the receive portion to flow out of the 
condensation heat exchange portion in the heating operation 
mode. 
0035. Thereby, even when the cycle configuration, in 
which the flow direction of the refrigerant flowing through the 
outdoor heat exchanger in the cooling operation mode is 
opposite from the flow direction of the refrigerant flowing 
through the outdoor heat exchanger in the heating operation 
mode, is used, COP in both operation modes can be improved. 
0036 Furthermore, the refrigerant bypass portion may 
includea bypass pipe through which the refrigerant flows into 
the receive portion, and a control valve for controlling a 
flowing state of the refrigerant flowing through the bypass 
p1pe. 
0037 For example, the control valve may include a bypass 
pipe opening-closing valve for opening and closing the 
bypass pipe. Alternatively, the control valve may include a 
check valve that allows the refrigerant flowing through the 
bypass pipe to flow only toward the receive portion. Thereby, 
the flowing state of the refrigerant flowing through the bypass 
pipe can be easily controlled. 
0038. In addition, the control valve may include a main 
pipe opening-closing valve for opening and closing a main 
pipe, and the main pipe opening-closing valve may be pro 
vided in the main pipe between an end portion of the bypass 
pipe that is opposite from another end portion thereof con 
nected to the receive portion and the Supercool heat exchange 
portion. 
0039. Thereby, it can prevent the refrigerant from flowing 
into the Supercool heat exchanger using the main pipe 
between the end portion of the bypass pipe that is opposite 
from another end portion thereof connected to the receive 
portion and the Supercool heat exchange portion in the heat 
operation mode. 
0040. Furthermore, at least a part of the refrigerant bypass 
portion may be provided along an outer Surface of the outdoor 
heat exchanger or may be configured integrally with a con 
figuring member of the outdoor heat exchanger. Thereby, 
miniaturization and mounting capability of the outdoor heat 
exchanger and the refrigerant bypass portion can be 
improved. 
0041 Alternatively, at least a part of the refrigerant bypass 
portion may be configured integrally with the outdoor heat 
exchanger Such that a temperature change of the refrigerant 
passing through the refrigerant bypassportion is Suppressed. 
0042. Thereby, the refrigerant flowing through the refrig 
erant bypassportion can be suppressed to be heated due to the 
environmental temperature, in which the refrigerant bypass 
portion is provided, and pressure loss generated in the refrig 
erant flowing through the refrigerant bypass portion can be 
decreased. Therefore, COP in the heating operation mode can 
be further improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0043. The above and other objects, features and advan 
tages of the present invention will become more apparent 
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from the following detailed description made with reference 
to the accompanying drawings. In the drawings: 
0044 FIG. 1 is a schematic diagram showing a whole 
configuration of a refrigerant cycle device with a cooling 
operation mode and a heating operation mode according to a 
first embodiment; 
0045 FIG. 2 is a cross-sectional view showing an outdoor 
heat exchanger according to the first embodiment; 
0046 FIG. 3 is a schematic diagram showing a whole 
configuration of a refrigerant cycle device with a cooling 
operation mode and a heating operation mode according to a 
second embodiment; 
0047 FIG. 4 is a schematic diagram showing a whole 
configuration of a refrigerant cycle device used as an air 
conditioner according to a third embodiment; 
0048 FIG. 5 is a cross-sectional view showing an outdoor 
heat exchanger according to the third embodiment; 
0049 FIG. 6 is a schematic diagram showing a whole 
configuration of a refrigerant cycle device used as an air 
conditioner according to a fourth embodiment; 
0050 FIG. 7 is a schematic diagram showing a whole 
configuration of a refrigerant cycle device used as an air 
conditioner for a vehicle according to a fifth embodiment; 
0051 FIG. 8 is a cross-sectional view showing an outdoor 
heat exchanger according to other embodiments; 
0.052 FIG. 9 is a schematic diagram showing a whole 
configuration of a refrigerant cycle device for reviewing; and 
0053 FIG. 10 is Mollier diagram showing a state of a 
refrigerant of the refrigerant cycle device for reviewing. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

0054. A first embodiment of the present invention will be 
described with reference to FIG. 1 and FIG. 2. In the present 
embodiment, a refrigerant cycle device 1 of the present inven 
tion is used for a room air conditioner and a water heater in a 
dwelling-house or the like. FIG. 1 is a schematic diagram 
showing a whole configuration of the refrigerant cycle device 
1. In FIG. 1, solid arrows show a refrigerant flow in an air 
conditioner operation mode described below, and dashed 
arrows show the refrigerant flow in a hot water operation 
mode described below. 
0055 As shown in FIG. 1, the refrigerant cycle device 1 
includes a water circuit 10, in which water stored in a hot 
water tank 11 is circulated, and a vapor compression refrig 
erant cycle 20 configured to be capable of Switching a cooling 
operation mode, i.e., the air conditioner operation mode, for 
cooling a fluid to be heat exchanged and a heating operation 
mode, i.e., the hot water operation mode, for heating a fluid to 
be heat exchanged. 
0056. The hot water tank 11 connected to the water circuit 
10 is a tank having a heat-insulated structure for keeping the 
hot water warm for a longtime, and is made of high-corrosion 
resistance metal Such as stainless material. 

0057 The water stored in the hot water tank 11 flows out 
of an outlet port provided at an upper portion of the hot water 
tank 11. The water is mixed with tap water from water supply 
by using a temperature control valve, which is not shown in 
the drawing, so that the water temperature is adjusted, and 
then, the adjusted wateris Supplied to a kitchen, a bathroom or 
the like. In addition, tap water is Supplied from an inlet port 
provided at a lower portion of the hot water tank 11. 
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0058 An electric water pump 12 for circulating the water 
is provided in the water circuit 10. The operation of the 
electric water pump 12 is controlled by control signals output 
from a control device, which is not shown in the drawing. 
When the electric water pump 12 is operated by the control 
device, the water is circulated through the electric water pump 
12, a water passage 24a of a water-refrigerantheat exchanger 
24 described below, the hot water tank 11 and the electric 
water pump 12 in this order. 
0059. The refrigerant cycle 20 includes a compressor 21, 
the water-refrigerant heat exchanger 24 and an evaporator 37 
as utilization side heat exchangers, a fixed throttle 25, an 
outdoor heat exchanger 28, an expansion valve 36, flow pas 
sage Switch portions such as a first Solenoid valve 26, a second 
solenoid valve 33, a third solenoid valve 35 and the like. 
0060. In the refrigerant cycle 20, ordinary fluorocarbon 
refrigerant is used as the refrigerant. The refrigerant cycle 20 
configures a Subcritical refrigerant cycle, in which the refrig 
erant pressure at a high pressure side does not excess the 
critical pressure of the refrigerant. In addition, refrigerant oil 
for lubricating the compressor 21 is mixed in the refrigerant, 
and the refrigerant oil is circulated with the refrigerant in the 
cycle. 
0061. In the refrigerant cycle 20, the compressor 21 draws 
the refrigerant and compresses the drawn refrigerant to dis 
charge. The compressor 21 is an electric compressor in which 
a fixed capacity type compression portion 21a configured to 
have a fixed discharge capacity is driven by an electric motor 
21b. Specifically, various compression mechanisms such as a 
scroll-type compression mechanism and a vane type com 
pression mechanism can be used as the fixed capacity type 
compression portion 21a. 
0062 Rotation frequency of the electric motor 21b is con 
trolled by the control signals output from the control device. 
An alternating-current motor or a direct-current motor may 
be used for the electric motor 21b. Refrigerant discharge 
ability of the compressor 21 is changed by the rotation fre 
quency control. Therefore, the electric motor 21b configures 
a discharge ability change portion of the compressor 21. 
0063 A discharge side of the compressor 21 is connected 

to a first branch portion 22 for separating the flow direction of 
the refrigerant discharged from the compressor 21 into two 
streams. The first branch portion 22 is configured by a three 
way joint having three opening portions. One of the opening 
portions is a refrigerant inlet portion and two of the opening 
portions are refrigerant outlet portions. In order to form the 
three-way joint, pipes having different diameters may be 
jointed or a plurality of refrigerant passages having different 
diameters may be provided in a metal block or a resin block. 
0064 One of the refrigerant outlet portions in the first 
branch portion 22 is connected to an inlet side of a refrigerant 
passage 24b of the water-refrigerant heat exchanger 24 via a 
first refrigerant pipe 23a. The water-refrigerant heat 
exchanger 24 is the utilization side heat exchanger configured 
by the water passage 24a, in which the water flows, and the 
refrigerant passage 24b, in which the high temperature and 
high pressure refrigerant discharged from the compressor 21 
flows. The water-refrigerant heat exchanger 24 functions as a 
radiator Such that heat quantity of the refrigerant discharged 
from the compressor 21 is radiated to the water in the hot 
water operation mode. 
0065. Therefore, the water is the fluid to be heat 
exchanged in the hot water operation mode of the present 
embodiment. Furthermore, the flow direction of the water in 
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the waterpassage 24a of the water-refrigerantheat exchanger 
24 and the flow direction of the refrigerant in the refrigerant 
passage 24b of the water-refrigerant heat exchanger 24 are 
opposite to each other. Thereby, temperature difference 
between the water flowing in the water passage 24a and the 
refrigerant flowing in the refrigerant passage 24b is ensured 
so that heat exchange efficiency is improved. 
0066. The fixed throttle 25 is connected to an outlet side of 
the refrigerant passage 24b of the water-refrigerant heat 
exchanger 24. The fixed throttle 25 is a first depressurizing 
portion for depressurizing and expanding the refrigerant dis 
charged from the refrigerant passage 24b in the hot water 
operation mode. A capillary tube, an orifice and the like can 
be used for the fixed throttle 25. 

0067. In contrast, another refrigerant outlet portion in the 
first branch portion 22 is connected to the first solenoid valve 
26 via a second refrigerant pipe 23b. The first solenoid valve 
26 is the flow passage Switch portion for Switching a refrig 
erant flow passage by opening and closing the second refrig 
erant pipe 23b. The operation of the first solenoid valve 26 is 
controlled by the control signals output from the control 
device. 

0068. When the control device causes the first solenoid 
valve 26 to be closed, all of the refrigerant flowing into the 
first branch portion 22 flows into the first refrigerant pipe 23a. 
When the control device causes the first solenoid valve 26 to 
be opened, almost all of the refrigerant flowing into the first 
branch portion 22 flows into the second refrigerant pipe 23b 
that has a lower pressure loss than the first refrigerant pipe 
23a. 

0069. Refrigerant outlet sides of the fixed throttle 25 and 
the first solenoid valve 26 are connected to refrigerant inlet 
portions of a first confluence portion 27, respectively. A basic 
configuration of the first confluence portion 27 is the same as 
that of the first branch portion 22. That is, in the first conflu 
ence portion 27, two of three opening portions are used as 
refrigerant inlet portions, and one of the three opening por 
tions is used as a refrigerant outlet portion. 
0070 The refrigerant outlet portion of the first confluence 
portion 27 is connected to an inlet portion 285a of a conden 
sation heat exchange portion 283a of the outdoor heat 
exchanger 28. The outdoor heat exchanger 28 is provided 
outside the room, and exchanges heat between the refrigerant 
flowing inside the outdoor heat exchanger 28 and ambient air 
sent by a blower fan 28a. The blower fan 28a is an electric 
blower fan and the rotation frequency, i.e., the amount of 
blowing air, is controlled by the control voltage output from 
the control device. 

(0071) Details of the outdoor heat exchanger 28 will be 
described with reference to FIG. 2. FIG. 2 is a schematic 
cross-sectional view of the outdoor heat exchanger 28. In 
FIG. 2, a solid arrow shows the flow of the refrigerant in the 
air conditioner operation mode, and a dashed arrow shows the 
flow of the refrigerant in the hot water operation mode. An 
arrow showing an up-down direction is a direction of the 
outdoor heat exchanger 28 when being mounted to the refrig 
erant cycle device 1. 
0072. As shown in FIG. 2, in the outdoor heat exchanger 
28, a plurality of tubes 281, inside of which the refrigerant 
flows, are laminated and fins 282 for promoting heat 
exchange between the refrigerant and air are provided 
between the respective adjacent tubes 281. As the tube 281, a 
flat tube having therein a single hole or multiple holes, which 
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is formed by molding or the like, can be used. In addition, as 
the fin 282, a corrugated fin that is folded in a wavelike 
fashion can be used. 

0073. A heat exchange core portion 283 having a substan 
tially rectangular shape is configured by the laminated struc 
ture of the tubes 281 and the fins 282. Side plates 284, which 
are reinforcing members for reinforcing the heat exchange 
core portion 283, are provided at both sides of the heat 
exchange core portion 283 in the laminate direction of the 
tubes 281 and the fins 282. The side plates 284 extend in 
parallel with the tubes 281. 
0074. A pair of header tanks 285 for distributing the refrig 
erant into the tubes 281 and joining the refrigerant from the 
tubes 281 is connected to both sides of the tubes 281 in the 
longitudinal direction of the tubes 281. The header tanks 285 
are provided to extend in the laminate direction of the tubes 
281. A plurality of slits, number of which is equal to that of the 
tubes 281, are formed at the respective header tanks 285, and 
the respective header tanks 285 are connected to all the tubes 
281 through the slits. 
0075. The inlet portion 285a that introduces the refriger 
ant flowing out of the first confluence portion 27 and an outlet 
portion 285b that causes the refrigerant to flow out are pro 
vided at one of the header tanks 285. A receive portion 286, 
i.e., a modulator portion for separating gas and liquid of the 
refrigerant and storing Surplus refrigerant is provided adja 
cent to another header tank 285 so that the modulator portion 
286 communicates with an inside of anotherheader tank 285. 
0076 A plurality of separators 287 for separating an inter 
nal space of the respective header tanks 285 are provided in 
each of the header tanks 285. By using the plurality of sepa 
rators 287, the refrigerant flowing from the inlet portion 285a 
flows windingly in the heat exchange core portion 283 as 
shown by the arrow, and the heat exchange core portion 283 is 
separated into two heat exchange portions. 
0077. The heat exchange portion, which is located at a side 
of the inlet portion 285a, of the two heat exchange portions 
configures the condensation heat exchange portion 283a that 
condenses the refrigerant by exchanging heat between the 
refrigerant flowing from the inlet portion 285a and the ambi 
ent air sent by the blower fan 28a in the air conditioner 
operation mode. The refrigerant flowing out of the conden 
sation heat exchange portion 283a flows into the receive 
portion 286 through another header tank 285. 
0078. The heat exchange portion, which is located at a side 
of the outlet portion 285b, configures a supercool heat 
exchange portion 283b that supercools the refrigerant by 
exchanging heat between the Saturated liquid phase refriger 
ant flowing out of the receive portion 286 and the ambient air 
sent by the blower fan 28a in the air conditioner operation 
mode. The refrigerant having passed through the Supercool 
heat exchange portion 283b flows out of the outlet portion 
28SE. 

0079. Therefore, the outdoor heat exchanger 28 of the 
present embodiment is a so-called Supercool heat exchanger 
having the condensation heat exchange portion 283a, the 
receive portion 286 and the Supercool heat exchange portion 
283b. The outdoor heat exchanger 28 is configured such that 
the condensation heat exchange portion 283a condenses the 
refrigerant, the receive portion 286 separates gas and liquid 
phases of the refrigerant flowing out of the condensation heat 
exchange portion 283a and the Supercool heat exchange por 
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tion 283b supercools the saturated liquid phase refrigerant 
flowing out of the receive portion 286 in the air conditioner 
operation mode. 
0080. In addition, because the outdoor heat exchanger 28 
functions to condense the refrigerant in the air conditioner 
operation mode, density of the refrigerant passing through the 
inside of the outdoor heat exchanger 28 increases gradually 
toward the outlet portion 285b from the inlet portion 285a. 
Therefore, in the present embodiment, as shown in FIG. 2, the 
separators 287 are provided Such that the refrigerant passage 
area is decreased gradually toward the outlet portion 285b 
from the inlet portion 285a. 
I0081 Furthermore, the outdoor heat exchanger 28 of the 
present embodiment is connected to a refrigerant bypass 
device 29. The refrigerant bypass device 29 is configured 
Such that the refrigerant bypasses the Supercool heat 
exchange portion 283b in the hot water operation mode. The 
refrigerant bypass device 29 is configured by a bypass pipe 
29a through which the refrigerant flowing out of the receive 
portion 286 directly flows without passing through the super 
cool heat exchange portion 283b, and a bypass pipe opening 
closing valve 29b that is a control valve for controlling the 
flowing state of the refrigerant that flows through the bypass 
pipe 29a. 
I0082. The bypass pipe 29a is a refrigerant pipe that is 
connected to a communicating hole provided at an uppermost 
portion of the receive portion 286 via the bypass pipe open 
ing-closing valve 29b and extends along the receive portion 
286 and the side plate 284 at the bottom surface side of the 
supercool heat exchange portion 283b. Furthermore, the 
bypass pipe 29a is fixed by a fixing claw portion 284a pro 
vided at the side plate 284 at the bottom surface side of the 
Supercool heat exchange portion 283b so that the bypass pipe 
29a is combined integrally with the outdoor heat exchanger 
28. 
I0083. The bypass pipe opening-closing valve 29bis a sole 
noid valve for opening and closing the bypass pipe 29a, and 
the operation of the bypass pipe opening-closing valve 29b is 
controlled by the control voltage output from the control 
device. The refrigerant passage area of the bypass pipe 29a 
and the bypass pipe opening-closing valve 29b are set Such 
that pressure loss generated in the refrigerant flowing in the 
bypass pipe 29a when the bypass pipe opening-closing valve 
29b is opened becomes sufficiently lower than pressure loss 
generated in the refrigerant flowing in the Supercool heat 
exchange portion 283b. 
I0084. As shown in FIG. 1, the outlet portion 285b of the 
outdoor heat exchanger 28 is connected to a second branch 
portion 30 for separating the flow direction of the refrigerant 
discharged from the outdoor heat exchanger 28 into two 
streams. A basic configuration of the second branch portion 
30 is the same as that of the first branch portion 22. 
I0085. One of the refrigerant outlet portions in the second 
branch portion 30 is connected to one of refrigerant inlet 
portions of a second confluence portion 32 via a third refrig 
erant pipe 31a. A basic configuration of the second conflu 
ence portion 32 is the same as that of the first confluence 
portion 27. The other refrigerant inlet portion of the second 
confluence portion 32 is connected to the bypass pipe 29a of 
the refrigerant bypass device 29. 
I0086. Furthermore, a refrigerant outlet portion of the sec 
ond confluence portion 32 is connected to the second Solenoid 
valve 33 that has the same configuration with the first sole 
noid valve 26. The second solenoid valve 33 is the flow 
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passage Switch portion for Switching the refrigerant flow 
passage by opening and closing the third refrigerant pipe 31a. 
0087. A refrigerant outlet side of the second solenoid 
valve 33 is connected to an accumulator 34. The accumulator 
34 is a low pressure side gas-liquid separator that separates 
gas and liquid phases of the refrigerant having passed through 
the second solenoid valve 33, and stores therein the surplus 
refrigerant. A gas phase refrigerant outlet portion of the accu 
mulator 34 is connected to a Suction portion of the compressor 
21. 
0088. In contrast, the other refrigerant outlet portion in the 
second branch portion 30 is connected to the third solenoid 
valve 35 via a fourth refrigerant pipe 31b. The fourth refrig 
erant pipe 31b has the same configuration with the first sole 
noid valve 26 and the second solenoid valve 33. The third 
solenoid valve 35 is the flow passage switch portion for 
Switching the refrigerant flow passage by opening and closing 
the fourth refrigerant pipe 31b. 
0089. A refrigerant outlet side of the third solenoid valve 
35 is connected to an electric expansion valve 36. The electric 
expansion valve 36 is a second depressurizing portion for 
depressurizing and expanding the refrigerant having passed 
through the third solenoid valve 35 by changing the throttle 
opening degree, and is a flow amount adjust portion for 
adjusting the flow amount of the refrigerant flowing to the 
downstream of the electric expansion valve 36. 
0090 More specifically, the electric expansion valve 36 is 
configured by an electric actuator mechanism made from a 
step motor and a valve mechanism driven by the electric 
actuator mechanism. The throttle opening degree can be 
adjusted finely by an operating angle of the electric actuator 
mechanism. 
0091. A refrigerant outlet side of the electric expansion 
valve 36 is connected to the evaporator 37 provided in the 
room. The evaporator 37 is the utilization side heat exchanger 
functioning as an endothermic heat exchanger for evaporat 
ing the low pressure refrigerant to show the endothermic 
function by exchanging heat between the low pressure refrig 
erant depressurized and expanded by the electric expansion 
valve 36 and the indoor blowing air sent by a blower fan 37a 
in the air conditioner operation mode. 
0092. Therefore, in the air conditioner operation mode of 
the present embodiment, the indoor blowing air is the fluid to 
be heat exchanged. The blower fan 37a is provided in the 
room with the evaporator 37. The blower fan 37a is an electric 
blower fan and the rotation frequency, i.e., the amount of 
blowing air, is controlled by the control voltage output from 
the control device. Furthermore, a refrigerant outlet side of 
the evaporator 37 is connected to a refrigerant inlet side of the 
compressor 21. 
0093. Next, an outline of an electric control portion of the 
present embodiment will be described. The control device is 
configured by a microcomputer, a peripheral circuit thereof 
and the like. An outputside of the control device is connected 
to the electric water pump 12 of the water circuit 10, the 
electric motor 21b of the compressor 21, the bypass pipe 
opening-closing valve 29b of the refrigerant bypass device 
29, the first solenoid valve 26, the second solenoid valve 33, 
the third solenoid valve 35, the electric expansion valve 36 
and the like. The control device controls operations of the 
components. 
0094. In addition, an input side of the control device is 
connected to a water temperature sensor for detecting tem 
perature of the water flowing out of the water passage 24a of 
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the water-refrigerant heat exchanger 24, a refrigerant tem 
perature sensor for detecting temperature of the refrigerant 
flowing out of the evaporator 37, a refrigerant pressure sensor 
for detecting pressure of the refrigerant flowing from the 
evaporator 37, an ambient temperature sensor for detecting 
ambient temperature, a room temperature sensor for detect 
ing room temperature and the like. Detection signals of the 
sensors are input into the control device. 
(0095. Furthermore, the input side of the control device is 
connected to an operation panel, which is not shown in the 
drawing. An actuation Switch of the refrigerant cycle device 
1, a selection Switch of the air conditioner operation mode and 
the hot water operation mode, a room temperature setting 
Switch of the room temperature, a water temperature setting 
switch of the water heater and the like are provided in the 
operation panel. Operation signals thereof are input into the 
control device. 
0096. Next, the operation of the present embodiment in the 
above configuration will be described. As described above, in 
the refrigerant cycle device 1 of the present embodiment, the 
two operation modes such as the air conditioner operation 
mode for cooling the indoor blowing air and the hot water 
operation mode for heating the water can be Switched. 
(0097 A. Air Conditioner Operation Mode (Cooling 
Operation Mode) 
0098. When the air conditioner operation mode is selected 
by the selection switch in the state where the actuation switch 
of the refrigerant cycle device 1 in the operation panel is 
turned on, the air conditioner operation mode is performed. In 
the air conditioner operation mode, the control device stops 
the electric water pump 12 of the water circuit 10, opens the 
first solenoid valve 26 and the third solenoid valve 35, and 
closes the second solenoid valve 33 and the bypass pipe 
opening-closing valve 29b. 
0099. Therefore, almost all of the refrigerant flowing into 
the first branch portion 22 flows into the second refrigerant 
pipe 23b that has a lower pressure loss than the first refriger 
ant pipe 23a. Furthermore, in response to the detection sig 
nals of the above sensors, the control device rotates the elec 
tric motor 21b of the compressor 21 and changes the throttle 
opening degree of the electric expansion valve 36. 
0100 More specifically, the control device controls the 
rotation frequency of the electric motor 21b in response to the 
detection values of the refrigerant temperature sensor, the 
ambient temperature sensor and the room temperature sensor 
and a target temperature of the indoor blowing air calculated 
from the setting temperature of the room temperature setting 
Switch, and controls the throttle opening degree of the electric 
expansion valve 36 based on the detection values of the refrig 
erant temperature sensor and the refrigerant pressure sensor 
Such that Superheat degree of the refrigerant flowing out of the 
evaporator 37 is within a predetermined range. 
0101 Thereby, as shown in the solid arrows in FIG. 1, the 
vapor compression refrigerant cycle is configured such that 
the refrigerant circulates through the compressor 21, the first 
branch portion 22, the first solenoid valve 26, the first con 
fluence portion 27, the condensation heat exchange portion 
283a of the outdoor heat exchanger 28, the receive portion 
286, the supercool heat exchange portion 283b, the second 
branch portion 30, the third solenoid valve 35, the electric 
expansion valve 36, the evaporator 37 and the compressor 21 
in this order. 
0102 Therefore, the refrigerant compressed by the com 
pressor 21 is cooled by exchanging heat with the ambient air 
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at the outdoor heat exchanger 28, and is depressurized and 
expanded by the electric expansion valve 36. Furthermore, 
the low pressure refrigerant depressurized by the electric 
expansion valve 36 flows into the evaporator 37, and absorbs 
heat from the air blown into the room by the blower fan 37a to 
evaporate. Thereby, the indoor blowing air is cooled. The 
refrigerant flowing out of the evaporator 37 is drawn into the 
compressor 21 and compressed again. 
0103) In the air conditioner operation mode of the present 
embodiment, the refrigerant can pass through the condensa 
tion heat exchange portion 283a, the receive portion 286 and 
the supercool heat exchange portion 283b in this order while 
passing through the outdoor heat exchanger 28. Thereby, 
enthalpy of the refrigerant that flows into the evaporator 37 
can be decreased and refrigeration capacity by the evaporator 
37 can be increased. Therefore, COP of the cycle can be 
improved. 
0104 B. Hot Water Operation Mode (Heating Operation 
Mode) 
0105. When the hot water operation mode is selected by 
the selection switch in the state where the actuation switch of 
the refrigerant cycle device 1 in the operation panel is turned 
on, the hot water operation mode is performed. In the hot 
water operation mode, the control device closes the first sole 
noid valve 26 and the third solenoid valve 35, and opens the 
bypass pipe opening-closing valve 29b and the second sole 
noid valve 33. 

0106 Therefore, almost all of the refrigerant flowing into 
the receive portion 286 from the condensation heat exchange 
portion 283a of the outdoor heat exchanger 28 flows into the 
bypass pipe 29a of the refrigerant bypass device 29 that has a 
lower pressure loss than the Supercool heat exchange portion 
283b. 

0107 Furthermore, in response to the detection signals of 
the above sensors, the control device rotates the electric motor 
21b of the compressor 21 and actuates the electric water pump 
12 of the water circuit 10. More specifically, the control 
device controls the actuation of the electric water pump 12 
such that the detection value of the water temperature sensor 
approaches the setting temperature of the water temperature 
setting Switch. 
0108. Thereby, as shown in the dashed arrows in FIG. 1, 
the vapor compression refrigerant cycle is configured Such 
that the refrigerant circulates through the compressor 21, the 
first branch portion 22, the water-refrigerant heat exchanger 
24, the fixed throttle 25, the first confluence portion 27, the 
condensation heat exchange portion 283a of the outdoor heat 
exchanger 28, the receive portion 286, the bypass pipe 29a, 
the second confluence portion 32, the second solenoid valve 
33, the accumulator 34 and the compressor 21 in this order. 
0109 Therefore, the refrigerant compressed by the com 
pressor 21 exchanges heat with the water in the water-refrig 
erant heat exchanger 24 to radiate heat. Thereby, the water is 
heated. The refrigerant flowing put of the refrigerant passage 
24b of the water-refrigerant heat exchanger 24 is depressur 
ized and expanded by the fixed throttle 25, flows into the 
condensation heat exchange portion 283a of the outdoor heat 
exchanger 28, and absorbs heat from the blow air by the 
blower fan 28a. 

0110. The refrigerant flowing into the receive portion 286 
from the condensation heat exchange portion 283a of the 
outdoor heat exchanger 28 flows into the accumulator 34 via 
the bypass pipe 29a. Furthermore, the gas phase refrigerant 
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separated from the liquid phase refrigerant in the accumulator 
34 is drawn into the compressor 21 and compressed again. 
0111. In the hot water operation mode of the present 
embodiment, the refrigerant flowing into the outdoor heat 
exchanger 28 passes through the condensation heat exchange 
portion 283a, the receive portion 286 and the bypass pipe 29a 
in this order. Thereby, pressure loss generated when the 
refrigerant passes through the outdoor heat exchanger 28 can 
be drastically decreased compared to the case where the 
refrigerant passes through the condensation heat exchange 
portion 283a, the receive portion 286 and the supercool heat 
exchange portion 283b. 
0112 Thus, reduction of pressure of the refrigerant that is 
to be drawn into the compressor 21 can be suppressed, and 
power consumption of the compressor 21 can be reduced. 
Therefore, COP can be improved. 
0113. As described above, according to the present 
embodiment, the refrigerant cycle device is configured to be 
capable of Switching the cooling operation mode and the 
heating operation mode. Moreover, in the refrigerant cycle 
device using the Subcool condenser, even if the cycle configu 
ration that the flow direction of the refrigerant flowing 
through the outdoor heat exchanger 28 in the cooling opera 
tion mode becomes the same with the flow direction of the 
refrigerant flowing through the outdoor heat exchanger 28 in 
the heating operation mode is used, COP in both operation 
modes can be improved. 
0114. Furthermore, in the present embodiment, the bypass 
pipe 29a of the refrigerant bypass device 29 is integrally 
combined with the outdoor heat exchanger 28. Thereby, min 
iaturization and mounting capability of the outdoor heat 
exchanger 28 and the refrigerant bypass device 29 can be 
improved. 
0.115. In addition, by configuring the bypass pipe 29a and 
the outdoorheat exchanger 28 integrally, heating of the refrig 
erant passing through the bypass pipe 29a due to temperature 
of an environment, in which the refrigerant bypass device 29 
is provided, can be Suppressed. Thereby, pressure loss due to 
Volume expansion of the refrigerant passing through the 
bypass pipe 29a can be reduced. Therefore, COP in the heat 
ing operation mode can be further improved. 

Second Embodiment 

0116. In the present embodiment, as shown in the whole 
configuration diagram of FIG.3, a main pipe opening-closing 
valve 29c as a control valve for the refrigerant bypass device 
29 is added with respect to the refrigerant cycle device 1 of the 
first embodiment. In the embodiments following the present 
embodiment, the same reference numeral is indicated for a 
portion which is the same with or equivalent to the portion 
described in the first embodiment, and the description thereof 
is skipped. 
0117 The main pipe opening-closing valve 29c is pro 
vided in a main pipe between an end portion of the bypass 
pipe 29a at a side of the second confluence portion 32 and the 
Supercool heat exchange portion 283b, that is, in the main 
pipe connected between the second confluence portion 32 and 
the Supercool heat exchange portion 283b, and is a Solenoid 
valve for opening and closing the main pipe. Furthermore, the 
operation of the main pipe opening-closing valve 29c is con 
trolled by the control voltage output from the control device. 
0118 More specifically, the main pipe opening-closing 
valve 29c of the present embodiment is provided in a pipe 
connected between the second branch portion 30 and the 
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Supercool heat exchange portion 283b in the main pipe. 
Moreover, the control device causes the main pipe opening 
closing valve 29c to be opened in the air conditioner operation 
mode, and causes the main pipe opening-closing valve 29c to 
be closed in the hot water operation mode. Therefore, the 
operation in the air conditioner operation mode of the present 
embodiment becomes similar to that of the first embodiment. 
0119. In contrast, because the main pipe opening-closing 
valve 29c is closed in the hot water operation mode, all of the 
refrigerant flowing into the receive portion 286 from the 
condensation heat exchange portion 283a of the outdoor heat 
exchanger 28 flows into the bypass pipe 29a. 
0120. Therefore, in the present embodiment, the similar 
effect with the first embodiment can be obtained. In addition, 
the refrigerant can be prevented absolutely from flowing into 
the Supercool heat exchange portion 283b in the hot water 
operation mode. Thereby, a phenomenon that the refrigerant 
accumulates in the Supercool heat exchange portion 283b, 
i.e., oil staying phenomenon, or a lubricating defective of the 
compressor 21 by accumulating the refrigerant oil in the 
supercool heat exchange portion 283b can be prevented. 

Third Embodiment 

0121 Next, a third embodiment of the present invention 
will be described with reference to FIG. 4 and FIG. 5. In the 
present embodiment, a refrigerant cycle device 2 of the 
present invention is used for an air conditioning device for a 
room air conditioner. FIG. 4 is a schematic diagram showing 
a whole configuration of the refrigerant cycle device 2. In 
FIG. 4, solid arrows show a refrigerant flow in a cooling 
operation mode described below, and dashed arrows show the 
refrigerant flow in a dehumidification operation mode and a 
heating operation mode, which are described below. 
0122) The refrigerant cycle device 2 includes a vapor com 
pression refrigerant cycle 40, which is configured to be 
capable of Switching the cooling operation mode for cooling 
an indoor blowing air that is a fluid to be heat exchanged, and 
the heating operation mode or the dehumidification operation 
mode for heating the indoor blowing air and the like. 
0123. In the refrigerant cycle 40, a refrigerant discharge 
side of the compressor 21 is connected to an electric four-way 
valve 41. The electric four-way valve 41 is a flow passage 
switch portion, and the operation of the electric four-way 
valve 41 is controlled by the control signals output from the 
control device. 
0.124 Specifically, the electric four-way valve 41 switches 
a flow circuit shown by the solid arrows in FIG. 4 and a flow 
circuit shown by the dashed arrows in FIG. 4. The flow circuit 
shown by the Solid arrows is a refrigerant flow passage that 
connects the discharge side of the compressor 21 to the con 
densation heat exchange portion 283a of the outdoor heat 
exchanger 28 and connects a second heat exchange portion 
42b of a utilization side heat exchanger 42 described below to 
the accumulator 34 at the same time. The flow circuit shown 
by the dashed arrows is a refrigerant flow passage that con 
nects the discharge side of the compressor 21 to the second 
heat exchange portion 42b and connects the condensation 
heat exchange portion 283a to the accumulator 34 at the same 
time. 
0.125. As the refrigerant flow passage shown by the solid 
arrows in FIG. 4, the discharge side of the compressor 21 is 
connected to the condensation heat exchange portion 283a of 
the outdoor heat exchanger 28 via the electric four-way valve 
41 in the cooling operation mode. A basic configuration of the 
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outdoor heat exchanger 28 is the same as described in the first 
embodiment. The outdoor heat exchanger 28 is connected to 
a refrigerant bypass device 29 as in the first embodiment. 
I0126. In the refrigerant cycle 40, as described below, a 
flow direction of the refrigerant flowing through the outdoor 
heat exchanger 28 in the cooling operation mode is opposite 
from a flow direction of the refrigerant flowing through the 
outdoor heat exchanger 28 in the dehumidification operation 
mode and the heating operation mode. Therefore, a bypass 
pipe 29a of the refrigerant bypass device 29 can function for 
the refrigerant to directly flow into the receive portion 286 
from a three-way joint 43, which is described below, without 
passing through the Supercool heat exchange portion 283b. 
I0127. Furthermore, in the present embodiment, the bypass 
pipe opening-closing valve 29b is not used, and a check valve 
29d that allows the refrigerant flowing through the bypass 
pipe 29a to flow toward the receive portion 286 from the 
three-way joint 43 is used as a control valve for controlling the 
flowing state of the refrigerant that flows through the bypass 
pipe 29a. 
I0128. The supercool heat exchange portion 283b of the 
outdoor heat exchanger 28 is connected to one of the opening 
portions of the three-way joint 43. A basic configuration of 
the three-way joint 43 is the same as that of the first branch 
portion 22 and that of the first confluence portion 27 in the 
first embodiment. Furthermore, the other opening portions of 
the three-way joint 43 are connected to the bypass pipe 29a 
and one end of an electric expansion valve 44. A basic con 
figuration of the electric expansion valve 44 is the same as that 
of the electric expansion valve 36 in the first embodiment. 
I0129. Another end of the electric expansion valve 44 is 
connected to a first heat exchange portion 42a of the utiliza 
tion side heat exchanger 42. The utilization side heat 
exchanger 42 includes the first heat exchange portion 42a and 
the second heat exchange portion 42b, which are provided in 
the room and connected in series. The utilization side heat 
exchanger 42 is a heat exchanger for exchanging heat 
between the refrigerant flowing through the utilization side 
heat exchanger 42 and the indoor blowing air sent by a blower 
fan 42c. 
0.130. The first heat exchange portion 42a and the second 
heat exchange portion 42b are provided in series with respect 
to the flow direction of air blown into the room such that the 
indoor blowing air flows through the first heat exchange por 
tion 42a and the second heat exchange portion 42b in this 
order. That is, the first heat exchange portion 42a is provided 
on the windward side of the flow direction of the indoor 
blowing air and the second heat exchange portion 42b is 
provided on the leeward side of the flow direction of the 
indoor blowing air. 
I0131) An electric expansion valve 45 having a full open 
function is provided between the first heat exchange portion 
42a and the second heat exchange portion 42b in the refrig 
erant flow. Although a basic configuration of the electric 
expansion valve 45 is the same as that of the electric expan 
sion valve 44, the electric expansion valve 45 does not func 
tion as a depressurizing portion and functions just as a refrig 
erant passage in the full open state. 
0.132. An output side of the control device of the present 
embodiment is connected to the electric motor 21b of the 
compressor 21, the electric expansion valves 44, 45, the elec 
tric four-way valve 41 and the like. The control device con 
trols operations of the components. In contrast, an input side 
of the control device is connected to an operation panel, in 
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which an actuation Switch of the refrigerant cycle device 2, a 
selection Switch of the cooling operation mode, the dehumidi 
fication operation mode and the heating operation mode, a 
room temperature setting Switch of the room temperature, and 
the like are also provided other than various sensors for con 
trolling an air conditioner. 
0133) Next, the operation of the present embodiment in the 
above configuration will be described. As described above, in 
the refrigerant cycle device 2 of the present embodiment, the 
three operation modes, i.e., the cooling operation mode for 
cooling the indoor blowing air, the dehumidification opera 
tion mode for dehumidifying and heating the indoor blowing 
air and the heating operation mode for heating the indoor 
blowing air, can be selectively switched. 
0134 A. Cooling Operation Mode 
0135 When the cooling operation mode is selected by the 
selection switch in the state where the actuation switch of the 
refrigerant cycle device 2 in the operation panel is turned on, 
the cooling operation mode is performed. In the cooling 
operation mode, the control device switches the electric four 
way valve 41 such that the discharge side of the compressor 
21 is connected to the condensation heat exchange portion 
283a of the outdoor heat exchanger 28 and the second heat 
exchange portion 42b of the utilization side heat exchanger 42 
is connected to the accumulator 34 at the same time. 

0136. Therefore, all of the refrigerant flowing into the 
receive portion 286 from the compressor 21 via the conden 
sation heat exchange portion 283a flows into the Supercool 
heat exchange portion 283b by the operation of the check 
valve 29d. Furthermore, the control device causes the electric 
expansion valve 44 to be in the throttle state, causes the 
electric expansion valve 45 to be in the full open state, and 
rotates the electric motor 21b of the compressor 21. 
0.137 Thereby, as shown in the solid arrows in FIG. 4, the 
vapor compression refrigerant cycle is configured such that 
the refrigerant circulates through the compressor 21, the elec 
tric four-way valve 41, the condensation heat exchange por 
tion 283a of the outdoor heat exchanger 28, the receive por 
tion 286, the supercool heat exchange portion 283b, the three 
way joint 43, the electric expansion valve 44, the first heat 
exchange portion 42a of the utilization side heat exchanger 
42, the electric expansion valve 45, the second heat exchange 
portion 42b, the electric four-way valve 41, the accumulator 
34 and the compressor 21 in this order. 
0.138. Therefore, the refrigerant compressed by the com 
pressor 21 is cooled by exchanging heat with the ambient air 
at the outdoor heat exchanger 28, and is depressurized and 
expanded by the electric expansion valve 44. Furthermore, 
the low pressure refrigerant depressurized by the electric 
expansion valve 44 flows into the first heat exchange portion 
42a of the utilization side heat exchanger 42, and absorbs heat 
from the air blown by the blower fan 42c to evaporate. 
Thereby, the indoor blowing air is cooled. 
0.139. Furthermore, the refrigerant flowing out of the first 
heat exchange portion 42a flows into the second heat 
exchange portion 42b, and absorbs heat from the indoor blow 
ing air having been cooled by the first heat exchange portion 
42a to evaporate. Thereby, the indoor blowing air is further 
cooled. The refrigerant flowing out of the utilization side heat 
exchanger 42 flows into the accumulator 34 via the electric 
four-way valve 41. The gas phase refrigerant separated from 
the liquid phase refrigerant in the accumulator 34 is drawn 
into the compressor 21 and compressed again. 
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0140. In the cooling operation mode of the present 
embodiment, the refrigerant passes through the condensation 
heat exchange portion 283a, the receive portion 286 and the 
supercool heat exchange portion 283b in this order while 
passing through the outdoor heat exchanger 28. Thereby, 
enthalpy of the refrigerant that flows into the utilization side 
heat exchanger 42 can be decreased and refrigeration capac 
ity by the utilization side heat exchanger 42 can be increased. 
Therefore, COP can be improved. 
0141 B. Dehumidification Operation Mode 
0142. When the dehumidification operation mode is 
selected by the selection switch in the state where the actua 
tion switch of the refrigerant cycle device 2 in the operation 
panel is turned on, the dehumidification operation mode is 
performed. In the dehumidification operation mode, the con 
trol device switches the electric four-way valve 41 such that 
the discharge side of the compressor 21 is connected to the 
second heat exchange portion 42b of the utilization side heat 
exchanger 42, and the condensation heat exchange portion 
283a of the outdoor heat exchanger 28 is connected to the 
accumulator 34 at the same time. 

0.143 Furthermore, the control device causes the electric 
expansion valve 44 and the electric expansion valve 45 to be 
in the throttle state and rotates the electric motor 21b of the 
compressor 21. Therefore, almost all of the refrigerant flow 
ing out of the electric expansion valve 44 flows into the 
bypass pipe 29a of the refrigerant bypass device 29 that has a 
lower pressure loss than the Supercool heat exchange portion 
283b. 

0144. Thereby, as shown in the dashed arrows in FIG. 4, 
the vapor compression refrigerant cycle is configured Such 
that the refrigerant circulates through the compressor 21, the 
electric four-way valve 41, the second heat exchange portion 
42b of the utilization side heat exchanger 42, the electric 
expansion valve 45, the first heat exchange portion 42a, the 
electric expansion valve 44, the three-way joint 43, the bypass 
pipe 29a, the check valve 29d, the receive portion 286 of the 
outdoor heat exchanger 28, the condensation heat exchange 
portion 283a, the electric four-way valve 41, the accumulator 
34 and the compressor 21 in this order. 
0145 Therefore, the refrigerant compressed by the com 
pressor 21 exchanges heat with the indoor blowing air, which 
has passed through the first heat exchange portion 42a, at the 
second heat exchange portion 42b of the utilization side heat 
exchanger 42 to radiate heat. Thereby, the indoor blowing air 
is heated. The refrigerant flowing out of the second heat 
exchange portion 42b is depressurized and expanded by the 
electric expansion valve 45, flows into the heat exchange 
portion 42a, and absorbs heat from the air blown by the 
blower fan 44c to evaporate. 
0146. As described above, the first heat exchange portion 
42a is provided on the windward side of the indoor blowing 
air with respect to the second heat exchange portion 42b. 
Thereby, the indoor blowing air is dehumidified at the first 
heat exchange portion 42a, and then, the indoor blowing air is 
heated at the second heat exchange portion 42b. Thereby, the 
dehumidification heating operation is performed. 
0147 Furthermore, the refrigerant flowing out of the first 
heat exchange portion 42a is further depressurized and 
expanded by the electric expansion valve 44, and flows into 
the receive portion 286 of the outdoor heat exchanger 28 from 
the three-way joint 43 via the bypass pipe 29a. The refrigerant 
flowing into the receive portion 286 absorbs heat from ambi 
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ent air sent by the blower fan 28a at the condensation heat 
exchange portion 283a to further evaporate. 
0148. The refrigerant flowing out of the condensation heat 
exchange portion 283a flows into the accumulator 34 via the 
electric four-way valve 41. Moreover, the gas phase refriger 
ant separated from the liquid phase refrigerant in the accu 
mulator 34 is drawn into the compressor 21 and compressed 
again. 
0149. In the dehumidification operation mode of the 
present embodiment, the refrigerant passes through the 
bypass pipe 29a, the receive portion 286 and the condensation 
heat exchange portion 283a in this order while passing 
through the outdoor heat exchanger 28. Thereby, pressure 
loss generated when the refrigerant passes through the out 
door heat exchanger 28 can be drastically decreased com 
pared to the case where the refrigerant passes through the 
supercool heat exchange portion 283b, the receive portion 
286 and the condensation heat exchange portion 283a in this 
order. 
0150. Thus, reduction of pressure of the refrigerant that is 
to be drawn into the compressor 21 can be suppressed, and 
power consumption of the compressor 21 can be reduced. 
Therefore, COP can be improved. 
0151. C. Heating Operation Mode 
0152. When the heating operation mode is selected by the 
selection switch in the state where the actuation switch of the 
refrigerant cycle device 2 in the operation panel is turned on, 
the heating operation mode is performed. In the heating 
operation mode, the control device switches the electric four 
way valve 41 as the dehumidification operation mode. The 
control device causes the electric expansion valve 44 to be in 
the throttle state, causes the electric expansion valve 45 to be 
in the full open state, and rotates the electric motor 21b of the 
compressor 21. 
0153. Thereby, as shown in the dashed arrows in FIG. 4, 
the vapor compression refrigerant cycle, in which the refrig 
erant circulates as the dehumidification operation mode, is 
configured. 
0154 Therefore, the refrigerant compressed by the com 
pressor 21 exchanges heat with the indoor blowing air at the 
second heat exchange portion 42b and the first heat exchange 
portion 42a of the utilization side heat exchanger 42 to radiate 
heat. Thereby, the indoor blowing air is heated. The refriger 
ant flowing out of the first heat exchange portion 42a flows as 
in the dehumidification operation mode, and is drawn into the 
compressor 21 and compressed again. 
0155. In the heating operation mode of the present 
embodiment, as in the dehumidification operation mode, the 
refrigerant passes through the bypass pipe 29a, the receive 
portion 286 and the condensation heat exchange portion 283a 
in this order. Thereby, reduction of pressure of the refrigerant 
that is to be drawn into the compressor 21 can be suppressed, 
and power consumption of the compressor 21 can be reduced. 
Therefore, COP can be improved. 
0156 The flow of the refrigerant in the outdoor heat 
exchanger 28 in respective operation modes will be described 
with reference to FIG. 5. In FIG. 5, a solid arrow shows the 
flow of the refrigerant in the cooling operation mode, and a 
dashed arrow shows the flow of the refrigerant in the dehu 
midification operation mode and the heating operation mode. 
0157. As is clear from FIG. 5, in the present embodiment, 
the flow direction of the refrigerant flowing through the out 
door heat exchanger 28 in the cooling operation mode is 
opposite from the flow direction of the refrigerant flowing 
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through the outdoor heat exchanger 28 in the dehumidifica 
tion operation mode and the heating operation mode. 
0158. As described above, according to the present 
embodiment, the refrigerant cycle device is configured to be 
capable of Switching the cooling operation mode and the 
heating operation mode. Moreover, in the refrigerant cycle 
device using the Subcool condenser, even if the cycle configu 
ration that the flow direction of the refrigerant flowing 
through the outdoor heat exchanger 28 in the cooling opera 
tion mode is opposite from the flow direction of the refriger 
ant flowing through the outdoor heat exchanger 28 in the 
heating operation mode is used, COP in both operation modes 
can be improved, and the similar effect with the first embodi 
ment can be obtained. 

Fourth Embodiment 

0159. In the present embodiment, as shown in the whole 
configuration diagram of FIG. 6, the main pipe opening 
closing valve 29c, which is the same with one in the second 
embodiment, as a control valve for the refrigerant bypass 
device 29 is added with respect to the refrigerant cycle device 
2 of the third embodiment. 
0160 The main pipe opening-closing valve 29c is pro 
vided in a main pipe between an end portion of the bypass 
pipe 29a at a side of the three-way joint 43 and the supercool 
heat exchange portion 283b, that is, in the pipe connected 
between the three-way joint 43 and the Supercool heat 
exchange portion 283b, and is a Solenoid valve for opening 
and closing the main pipe. Furthermore, the operation of the 
main pipe opening-closing valve 29c is controlled by the 
control Voltage output from the control device. 
0.161 Moreover, the control device causes the main pipe 
opening-closing Valve 29c to be opened in the cooling opera 
tion mode, and causes the main pipe opening-closing valve 
29c to be closed in the dehumidification operation mode and 
the heating operation mode. Therefore, the operation of the 
refrigerant cycle 2 in the cooling operation mode becomes 
similar to that of the third embodiment. 
0162. In contrast, because the main pipe opening-closing 
valve 29c is closed in the dehumidification operation mode 
and the heating operation mode, all of the refrigerant flowing 
out of the electric expansion valve 44 flows into the bypass 
pipe 29a of the refrigerant bypass device 29. 
0163 Therefore, in the present embodiment, the similar 
effect with the third embodiment can be obtained. In addition, 
the refrigerant can be prevented absolutely from flowing into 
the Supercool heat exchange portion 283b in the dehumidifi 
cation operation mode and the heating operation mode. 
Thereby, the oil staying phenomenon or a lubricating defec 
tive of the compressor 21 can be prevented as the second 
embodiment. 

Fifth Embodiment 

0164. Next, a fifth embodiment of the present invention 
will be described with reference to FIG. 7. In the present 
embodiment, a refrigerant cycle device 3 of the present inven 
tion is used for an air conditioning device for a vehicle Such as 
an electric vehicle or a fuel-cell vehicle that has no engine for 
running the vehicle and a hybrid vehicle that stops the engine 
at the stoppage time. 
0.165 FIG. 7 is a schematic diagram showing a whole 
configuration of the refrigerant cycle device 3. In FIG.7, solid 
arrows show a refrigerant flow in a cooling operation mode 
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described below, and dashed arrows show the refrigerant flow 
in a heating operation mode described below. 
0166 The refrigerant cycle device 3 includes a vapor com 
pression refrigerant cycle 50, which is configured to be 
capable of Switching the cooling operation mode for cooling 
an indoor blowing air that is a fluid to be heat exchanged, and 
the heating operation mode for heating the indoor blowing air. 
0167. In the present embodiment, a refrigerant discharge 
side of the compressor 21 is connected to a radiator 51. The 
radiator 51 is provided in a vehicle, and is a utilization side 
heat exchanger for heating air to be blown into a vehicle 
compartment by exchanging heat between the refrigerant 
flowing through the inside of the radiator 51 and cooled air 
after passing through the evaporator 37. A refrigerant outlet 
side of the radiator 51 is connected to an electric three-way 
valve 52. The electric three-way valve 52 is a flow passage 
switch portion, and the operation of the electric three-way 
valve 52 is controlled by the control signals output from the 
control device. 
0168 Specifically, the electric three-way valve 52 selec 

tively switches one of a refrigerant flow passage that connects 
an outlet of the radiator 51 to a first three-way joint 53, i.e., a 
flow circuit shown by the solid arrows in FIG. 7, and a refrig 
erant flow passage that connects the outlet of the radiator 51 
to an electric expansion valve 54, i.e., a flow circuit shown by 
the dashed arrows in FIG. 7. Moreover, a basic configuration 
of the respective three-way joints of the present embodiment 
is the same as that of the first branch portion 22 of the first 
embodiment or the like, and a basic configuration of the 
electric expansion valve 54 is the same as that of the electric 
expansion valve 36 of the first embodiment. 
0169. Among the opening portions of the first three-way 

joint 53 other than the opening portion coupled to the radiator 
51, one of the opening portions of the first three-way joint 53 
is coupled to the accumulator 34 via a fourth solenoid valve 
55 as a flow passage switch portion, and another one of the 
opening portions of the first three-way joint 53 is connected to 
the condensation heat exchange portion 283a of the outdoor 
heat exchanger 28. A basic configuration of the respective 
Solenoid valves of the present embodiment is the same as 
those of the first solenoid valve 26, the second solenoid valve 
33 and the third solenoid valve 35 of the first embodiment or 
the like. Moreover, the outdoor heat exchanger 28 of the 
present embodiment is connected to the refrigerant bypass 
device 29 that is similar to that of the third embodiment. 
0170 The supercool heat exchange portion 283b of the 
outdoorheat exchanger 28 is connected to a second three-way 
joint 56. One of the opening portions of the second three-way 
joint 56 is coupled to the bypass pipe 29a of the refrigerant 
bypass device 29 and the electric expansion valve 54 via a 
third three-way joint 57. Moreover, another one of the open 
ing portions of the second three-way joint 56 is coupled to one 
end of a fifth solenoid valve 59 and one end of a sixth solenoid 
valve 60, which are flow passage switch portions, via a fourth 
three-way joint 58. 
(0171 Another end of the fifth solenoid valve 59 is con 
nected to the evaporator 37 via a thermal expansion valve 61. 
The thermal expansion valve 61 includes a temperature-sen 
sitive portion 61a for detecting Superheat degree of the refrig 
erant at an outlet side of the evaporator 37 based on the 
temperature and the pressure of the refrigerant at the outlet 
side of the evaporator 37, and a variable throttle mechanical 
portion 61b for adjusting a throttle passage area, i.e., a flow 
amount of the refrigerant, Such that the Superheat degree of 
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the refrigerant at the outlet side of the evaporator 37 is within 
a predetermined range. The thermal expansion valve 61 is a 
well-known internal pressure equalizing expansion valve 
having the temperature-sensitive portion 61a and the variable 
throttle mechanical portion 61b in one housing. 
0172 Another end of the sixth solenoid valve 60 is con 
nected to the evaporator 37. The outlet side of the evaporator 
37 is connected to the accumulator 34 via the temperature 
sensitive portion 61a of the thermal expansion valve 61. 
0173 Furthermore, in the present embodiment, an air mix 
door 62 is provided downstream of the air flow of the evapo 
rator 37, which is provided in the vehicle compartment, and 
upstream of the airflow of the radiator 51. The air mix door 62 
is a door portion for changing the air flow ratio that passes 
through the radiator 51 among the air cooled by the evapora 
tor 37. By changing the opening degree of the air mix door 62, 
the temperature of the air to be blown into the vehicle com 
partment is adjusted. 
0.174. The air mix door 62 is driven by an actuator for 
driving, which is not shown in the drawing. The rotational 
position, that is, the opening degree of the air mix door 62 can 
be continuously adjusted. The operation of the air mix door 
62 is controlled by the control signals output from the control 
device. 
0.175 Moreover, an outputside of the control device of the 
present embodiment is connected to the electric motor 21b of 
the compressor 21, the bypass pipe opening-closing valve 
29b, the electric three-way valve 52, the electric expansion 
valve 54, the fourth solenoid valve 55, the fifth solenoid valve 
59, the sixth solenoid valve 60, the actuator for driving of the 
air mix door 62 and the like. The control device controls 
operations of the components. 
0176). In contrast, an input side of the control device is 
connected to an operation panel, in which an actuation Switch 
of the refrigerant cycle device 3, a selection switch of the 
cooling operation mode and the heating operation mode, a 
vehicle interior temperature setting switch and the like are 
provided, in addition to various sensors for controlling an air 
conditioner. 
0177 Next, the operation of the present embodiment in the 
above configuration will be described. As described above, in 
the refrigerant cycle device 3 of the present embodiment, the 
cooling operation mode for cooling the indoor blowing air 
and the heating operation mode for heating the indoor blow 
ing air can be Switched. 
(0178 A. Cooling Operation Mode 
0179 When the cooling operation mode is selected by the 
selection switch in the state where the actuation switch of the 
refrigerant cycle device 3 in the operation panel is turned on, 
the cooling operation mode is performed. In the cooling 
operation mode, the control device switches the three-way 
valve 52 such that the outlet side of the radiator 51 is con 
nected to the first three-way joint 53, closes the bypass pipe 
opening-closing valve 29b, the fourth solenoid valve 55 and 
the sixth solenoid valve 60, and opens the fifth solenoid valve 
59. 

0180. Therefore, all of the refrigerant flowing into the first 
three-way joint 53 flows into the condensation heat exchange 
portion 283a of the outdoor heat exchanger 28. Furthermore, 
the control device rotates the electric motor 21b of the com 
pressor 21, and outputs the control signals to the actuator for 
driving of the air mix door 62 such that the temperature of the 
indoor blowing air approaches the setting temperature set by 
the vehicle interior temperature setting switch. 



US 2009/0241573 A1 

0181. Thereby, as shown in the solid arrows in FIG. 7, the 
vapor compression refrigerant cycle is configured such that 
the refrigerant circulates through the compressor 21, the 
radiator 51, the electric three-way valve 52, the first three-way 
joint 53, the condensation heat exchange portion 283a of the 
outdoor heat exchanger 28, the receive portion 286, the super 
cool heat exchange portion 283b, the second three-way joint 
56, the fourth three-way joint 58, the fifth solenoid valve 59, 
the thermal expansion valve 61, the evaporator 37, the tem 
perature-sensitive portion 61a of the thermal expansion valve 
61, the accumulator 34 and the compressor 21 in this order. 
0182. Therefore, the refrigerant compressed by the com 
pressor 21 is cooled at the radiator 51 by exchanging heat with 
the indoor blowing air that is cooled by passing through the 
evaporator 37, is further cooled by exchanging heat at the 
outdoor heat exchanger 28 with the ambient air, and is depres 
surized and expanded by the thermal expansion valve 61. The 
low pressure refrigerant depressurized by the thermal expan 
sion valve 61 flows into the evaporator 37, and absorbs heat 
from the indoor blowing air sent by the blower fan 37a to 
evaporate. 
0183 In this case, as described above, because the opening 
degree of the air mix door 62 is adjusted, a part of the indoor 
blowing air that is cooled by the evaporator 37 is heated by the 
radiator 51 so that the temperature adjustment of the indoor 
blowing air is performed. Furthermore, the refrigerant flow 
ing out of the evaporator 37 flows into the accumulator 34 via 
the temperature-sensitive portion 61a of the thermal expan 
sion valve 61. The gas phase refrigerant separated from the 
liquid phase refrigerant by the accumulator 34 is drawn into 
the compressor 21 and compressed again. 
0184. In the cooling operation mode of the present 
embodiment, the refrigerant can pass through the condensa 
tion heat exchange portion 283a, the receive portion 286 and 
the supercool heat exchange portion 283b in this order while 
passing through the outdoor heat exchanger 28. Thereby, 
enthalpy of the refrigerant that flows into the evaporator 37 
can be decreased and refrigeration capacity by the evaporator 
37 can be increased. Therefore, COP can be improved. 
0185 B. Heating Operation Mode 
0186. When the heating operation mode is selected by the 
selection switch in the state where the actuation switch of the 
refrigerant cycle device 3 in the operation panel is turned on, 
the heating operation mode is performed. In the heating 
operation mode, the control device switches the three-way 
valve 52 such that the refrigerant outlet side of the radiator 51 
is connected to the electric expansion valve 54, opens the 
bypass pipe opening-closing valve 29b and the fourth Sole 
noid valve 55, and closes the fifth solenoid valve 59 and the 
sixth solenoid valve 60. 

0187 Furthermore, the control device causes the electric 
expansion valve 54 to be in the throttle state and rotates the 
electric motor 21b of the compressor 21. Therefore, almost all 
of the refrigerant flowing into the third three-way joint 57 
flows into the bypass pipe 29a of the refrigerant bypass device 
29 that has a lower pressure loss than the supercool heat 
exchange portion 283b. 
0188 Thereby, as shown in the dashed arrows in FIG. 7, 
the vapor compression refrigerant cycle is configured Such 
that the refrigerant circulates through the compressor 21, the 
radiator 51, the electric three-way valve 52, the electric 
expansion valve 54, the third three-way valve 57, the bypass 
pipe 29a, the receive portion 286 of the outdoor heat 
exchanger 28, the condensation heat exchange portion 283a, 
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the first three-way joint 53, the fourth solenoid valve 55, the 
accumulator 34 and the compressor 21 in this order. 
0189 Therefore, the refrigerant compressed by the com 
pressor 21 exchanges heat with the indoor blowing air at the 
radiator 51. Thereby, the indoor blowing air is heated. The 
refrigerant flowing out of the radiator 51 is depressurized and 
expanded by the electric expansion valve 54 and flows into 
the receive portion 286 of the outdoor heat exchanger 28. The 
refrigerant flowing into the receive portion 286 absorbs heat 
from the ambient air sent by the blower fan 28a at the con 
densation heat exchange portion 283a to evaporate. 
0190. The refrigerant flowing out of the condensation heat 
exchange portion 283a flows into the accumulator 34 via the 
first three-way joint 53 and the fourth solenoid valve 55. 
Furthermore, the gas phase refrigerant separated from the 
liquid phase refrigerant in the accumulator is drawn into the 
compressor 21 and compressed again. 
0191 In the heating operation mode of the present 
embodiment, the refrigerant passes through the bypass pipe 
29a, the receive portion 286 and the condensation heat 
exchange portion 283a in this order while passing through the 
outdoor heat exchanger 28. Thereby, pressure loss generated 
when the refrigerant passes through the outdoor heat 
exchanger 28 can be drastically decreased compared to the 
case where the refrigerant passes through the Supercool heat 
exchange portion 283b, the receive portion 286 and the con 
densation heat exchange portion 283a in this order. 
0.192 Thus, reduction of pressure of the refrigerant that is 
to be drawn into the compressor 21 can be suppressed, and 
power consumption of the compressor 21 can be reduced. 
Therefore, COP can be improved. 
0193 As described above, according to the present 
embodiment, the refrigerant cycle device is configured to be 
capable of Switching the cooling operation mode and the 
heating operation mode. Moreover, in the refrigerant cycle 
device using the Subcool condenser, even if the cycle configu 
ration that the flow direction of the refrigerant flowing 
through the outdoor heat exchanger 28 in the cooling opera 
tion mode is opposite from the flow direction of the refriger 
ant flowing through the outdoor heat exchanger 28 in the 
heating operation mode is used, COP in both operation modes 
can be improved, and the same effect with the first embodi 
ment can be obtained. 
0194 In the cooling operation mode and the heating 
operation mode described above, although the sixth solenoid 
valve 60 is not opened, the sixth solenoid valve 60 is opened 
in a dehumidification heating operation. 
0.195 The dehumidification heating operation is per 
formed in the above-described cooling operation mode. How 
ever, generally, the ambient temperature is low in the dehu 
midification heating operation. Thereby, the temperature 
sensitive portion 61a of the thermal expansion valve 61 may 
detect lower Superheat degree than the actual Superheat 
degree of the refrigerant flowing out of the evaporator 37 
because of influence of the ambient temperature. Therefore, 
the variable throttle mechanical portion 61b may be totally 
closed and the refrigerant may not be Supplied to the evapo 
rator 37. 
0196. The superheat degree of the refrigerant flowing out 
of the evaporator 37 is increased forcibly by opening the sixth 
solenoid valve 60 in a time set in advance so that the tempera 
ture of the temperature-sensitive portion 61a itself is 
increased. Thereby, the temperature-sensitive portion 61a is 
prevented from being influenced by the ambient temperature, 



US 2009/0241573 A1 

and the thermal expansion valve 61 is operated normally, 
when the dehumidification heating operation is performed. 

Other Embodiments 

0197) The present invention is not limited to the above 
embodiments, and can be modified variously as follows. 
0198 (1) The application of the refrigerant cycle device of 
the present invention is not limited to the cycle configuration 
described in the above embodiments, and can be used for 
various cycle configurations. For example, the refrigerant 
cycle device of the present invention can be used for the test 
refrigerant cycle device. 
0199 (2) In the above second embodiment, the example 
that two opening-closing valves such as the bypass pipe open 
ing-closing valve 29b and the main pipe opening-closing 
valve 29c, are used as the control valve of the refrigerant 
bypass device 29 is described. However, the control valve of 
the refrigerant bypass device 29 is not limited to this. 
0200 For example, the bypass pipe opening-closing valve 
29b, the main pipe opening-closing valve 29c and the second 
confluence portion 32 of the second embodiment may not be 
used, and an electric three-way valve having the same con 
figuration with the electric three-way valve 52 of the fifth 
embodiment may be provided at a portion at which the second 
confluence portion 32 is provided in the second embodiment. 
Similarly, the check valve 29d, the main pipe opening-closing 
valve 29c and the three-way joint 43 of the above fourth 
embodiment may not be used, and an electric three-way valve 
may be provided at a portion at which the three-way joint 43 
is provided in the fourth embodiment. 
0201 (3) In the above fifth embodiment, the example that 
the bypass pipe opening-closing valve 29b is used as the 
control valve of the refrigerant bypass device 29 is described. 
However, the bypass pipe opening-closing valve 29b may not 
be used and the check valve 29d that is similar to the third 
embodiment may be used. 
0202 Furthermore, if the main pipe opening-closing valve 
29c is added as in the second embodiment and the fourth 
embodiment, the refrigerant can be prevented absolutely 
from flowing into the Supercool heat exchange portion 283b 
in the heating operation mode and the oil staying phenom 
enon or a lubricating defective of the compressor 21 can be 
prevented. 
0203 (4) In the above embodiments, the example that the 
refrigerant flows in the refrigerant bypassportion 29 such that 
the refrigerant bypasses the whole Supercool heat exchange 
portion 283b in the heating operation mode is described. 
However, the refrigerant may bypass a part of the Supercool 
heat exchange portion 283b. In this case, the bypass pipe 29a 
is connected to midstream of the Supercool heat exchange 
portion 283b. 
0204 (5) In the above embodiments, the example that the 
bypass pipe 29a is fixed at the bottom surface side of the 
supercool heat exchange portion 283b so that the outdoor heat 
exchanger 28 and the refrigerant bypass device 29 are con 
figured integrally is described. However, the integration of the 
outdoor heat exchanger 28 and the refrigerant bypass device 
29 is not limited to this. 
0205 For example, as shown in FIG. 8, through holes are 
provided in a body portion configuring an outer shell of the 
receive portion 286 that is a configuring member of the out 
door heat exchanger 28, and the body portion having the 
through holes is used as a part of the bypass pipe 29a. 
Thereby, miniaturization and mounting capability of the out 
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door heat exchanger 28 and the refrigerant bypass device 29 
can be improved. In addition, the temperature change of the 
refrigerant passing through the bypass pipe 29a is Suppressed 
and the pressure loss due to the Volume expansion of the 
refrigerant passing through the bypass pipe 29a can be 
reduced. 
0206 (6) Although the example that the electric compres 
sor is used is described in the above embodiments, the com 
pressor is not limited to this. For example, a compressor to 
which driving force is transmitted from the engine may be 
used. Furthermore, a variable capacity compressor that can 
adjust the refrigerant discharge ability based on the change of 
the discharge amount may be used. 
0207 (7) Although the example that the ordinary fluoro 
carbon refrigerant is used as the refrigerant is described in the 
above embodiment, the kind of the refrigerant is not limited to 
this. For example, hydrocarbon refrigerant and the like may 
be used, provided that the cycle is configured such that the 
refrigerant is condensed at the high pressure side of the cycle. 
0208 (8) Although the example that the refrigerant cycle 
device of the present invention is used for the air-conditioning 
water heater, the air conditioner and the like is described, the 
application of the refrigerant cycle device of the present 
invention is not limited to this. For example, the present 
invention may be applied to refrigerant cycle devices such as 
an industrial refrigeration device, a refrigeration device for 
vending machines, a refrigerated showcase and the like. 
0209 While the invention has been described with refer 
ence to preferred embodiments thereof, it is to be understood 
that the invention is not limited to the preferred embodiments 
and constructions. The invention is intended to cover various 
modification and equivalent arrangements. In addition, while 
the various combinations and configurations, which are pre 
ferred, other combinations and configurations, including 
more, less or only a single element, are also within the spirit 
and scope of the invention. 
What is claimed is: 
1. A refrigerant cycle device comprising: 
a compressor configured to compress and discharge a 

refrigerant; 
a utilization side heat exchanger configured to exchange 

heat between the refrigerant and a fluid to be heat 
exchanged; 

an outdoor heat exchanger configured to exchange heat 
between the refrigerant and ambient air; and 

a flow passage Switch portion configured to Switch a refrig 
erant flow passage, wherein 

the flow passage Switch portion Switches to a refrigerant 
flow passage in which heat of the refrigerant discharged 
from the compressor is radiated by the outdoor heat 
exchanger and the refrigerant evaporated by the utiliza 
tion side heat exchanger flows into a refrigerant Suction 
side of the compressor in a cooling operation mode for 
cooling the fluid, and Switches to a refrigerant flow pas 
Sage in which heat of the refrigerant discharged from the 
compressor is radiated by the utilization side heat 
exchanger and the refrigerant evaporated by the outdoor 
heat exchanger flows into the refrigerant Suction side of 
the compressor in a heating operation mode for heating 
the fluid, and 

the outdoor heat exchanger is configured to include a con 
densation heat exchange portion for condensing the 
refrigerant, a receive portion for separating the refriger 
ant flowing out of the condensation heat exchange por 
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tion into gas and liquid, and a Supercool heat exchange 
portion for Supercooling a saturated liquid phase refrig 
erant flowing out of the receive portion, through which 
the refrigerant flows in the cooling operation mode, the 
refrigerant cycle device further comprising 

a refrigerant bypassportion that is configured such that the 
refrigerant bypasses at least a part of the Supercool heat 
exchange portion in the heating operation mode. 

2. The refrigerant cycle device according to claim 1, 
wherein 

a flow direction of the refrigerant flowing through the out 
door heat exchanger in the cooling operation mode is the 
same with a flow direction of the refrigerant flowing 
through the outdoor heat exchanger in the heating opera 
tion mode, and 

the refrigerant bypass portion causes the refrigerant flow 
ing into the condensation heat exchange portion to flow 
out of the receive portion in the heating operation mode. 

3. The refrigerant cycle device according to claim 2, 
wherein 

the refrigerant bypass portion includes a bypass pipe 
through which the refrigerant flowing out of the receive 
portion flows, and a control valve for controlling a flow 
ing state of the refrigerant flowing through the bypass 
pipe. 

4. The refrigerant cycle device according to claim 3, 
wherein 

the control valve includes a bypass pipe opening-closing 
valve for opening and closing the bypass pipe. 

5. The refrigerant cycle device according to claim 4. 
wherein 

the control valve further includes a main pipe opening 
closing valve for opening and closing a main pipe, and 
the main pipe opening-closing valve is provided in the 
main pipe between an end portion of the bypass pipe that 
is opposite from another end portion thereof connected 
to the receive portion and the Supercool heat exchange 
portion. 

6. The refrigerant cycle device according to claim 1, 
wherein 

a flow direction of the refrigerant flowing through the out 
door heat exchanger in the cooling operation mode is 
opposite from a flow direction of the refrigerant flowing 
through the outdoor heat exchanger in the heating opera 
tion mode, and 

the refrigerant bypassportion causes the refrigerant to flow 
into the receive portion and causes the refrigerant flow 
ing into the receive portion to flow out of the condensa 
tion heat exchange portion in the heating operation 
mode. 

7. The refrigerant cycle device according to claim 6, 
wherein 
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the refrigerant bypass portion includes a bypass pipe 
through which the refrigerant flows into the receive por 
tion, and a control valve for controlling a flowing state of 
the refrigerant flowing through the bypass pipe. 

8. The refrigerant cycle device according to claim 7. 
wherein 

the control valve includes a bypass pipe opening-closing 
valve for opening and closing the bypass pipe. 

9. The refrigerant cycle device according to claim 8. 
wherein 

the control valve further includes a main pipe opening 
closing valve for opening and closing a main pipe, and 
the main pipe opening-closing valve is provided in the 
main pipe between an end portion of the bypass pipe that 
is opposite from another end portion thereof connected 
to the receive portion and the Supercool heat exchange 
portion. 

10. The refrigerant cycle device according to claim 7. 
wherein 

the control valve includes a check valve that allows the 
refrigerant flowing through the bypass pipe to flow only 
toward the receive portion. 

11. The refrigerant cycle device according to claim 10, 
wherein 

the control valve further includes a main pipe opening 
closing valve for opening and closing a main pipe, and 
the main pipe opening-closing valve is provided in the 
main pipe between an end portion of the bypass pipe that 
is opposite from another end portion thereof connected 
to the receive portion and the Supercool heat exchange 
portion. 

12. The refrigerant cycle device according to claim 1, 
wherein 

at least a part of the refrigerant bypassportion is provided 
along an outer Surface of the outdoor heat exchanger. 

13. The refrigerant cycle device according to claim 1, 
wherein 

at least a part of the refrigerant bypassportion is configured 
integrally with a configuring member of the outdoorheat 
exchanger. 

14. The refrigerant cycle device according to claim 1, 
wherein 

at least a part of the refrigerant bypassportion is configured 
integrally with the outdoor heat exchanger Such that a 
temperature change of the refrigerant passing through 
the refrigerant bypass portion is suppressed. 
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